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Abstract 



PROBLEM TO BE SOLVED: To provide a p-type superlattice structure which has no surface 
deterioration and as-grown low resistance, and its manufacturing method, as well as a high-performance 
group III nitride semiconductor element and a semiconductor light emitting element. 
SOLUTION: When manufacturing an Alxi Ga(1-xi) N/AIyi Ga(1-yi) N superlattice structure wherein at 
least one layer of a superlattice structure that is formed by laminating n times a group III nitride 
semiconductor layer represented by general formulae, Alxi Ga(1-xi) N (1>=xi>0) and Alyi Ga(1-yi) N 
(1>yi>=0) (where, i=1...n), is doped with p-type imputes, it is subjected to crystal growth in an 
atmosphere containing hydrogen, and then it is cooled in an atmosphere made of only nitrogen material 
or containing at least nitrogen material to lower temperature from the crystal growth temperature. 
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e 

[***»] -&5£A 1 xi Ga (1 _ xi) N (1 
^X|>0) irAl yi Ga (1 _ y , ) N(l>y i 

^0) ( i = 1 -n) T«SftaiII*S<fc« i M»#» 
£n@*SJIUT^/&£nfc&&^«jg<7>'>7!£< it)-^ 

OJllCpSl^fcE^S: H-^L/tA 1 x , G a 

O-xl) 1 y i Ga d-yi) Nffl»^« 
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Iffi-sUmi) -»5*A 1 xi Ga (l _ xi > N (1 
Sx j>0) iAl yi Ga ( j- yi )N ( 1 >y j 
SO) (i = l-n) T*an*III«sftfl:1tJ¥i»#B 
£n@?»JILT^2*lJtfi«^«iS<Z> / >fc< tt>-* 
OlCpITWS H-yUfcA 1 xi Ga 

(i-x>) N/A 1 yi Ga u _ yi) Nfittfi 

MttSpSA 1 x , Ga d- x j) N/A 1 y , 
Ga (i_ yl > NffllMMMS©^^**. 

1E*«>pB! A 1 x j G a 
(1 -xi)N/Al,iGa (1 _ yl) Nffltt^* 

-7T*-5C«h^4#®i-r^lS*il 2 IBifccD piA 1 
xiGa (i_ x i> N/A l yi Ga<i_ yi) N 

Iffi#m4l -KAl xi Ga n-.oN (1 
Sx j>0) £Al y ,Ga (1 _ yi) N(l>yj 
SO) ( i = 1 -n) T£3n*l'lIi£g'ffc*j¥i5#II 

■ KpSSTiettSF-T/LfcA 1 x i G a (1 - xi) 
N/A 1 y j Ga (1 _ y n N«»^*lifi±C. '>& 

Hi:*»»tr*p3aA 1 xi Ga (1 _ xi) N/A 
1 y i G a ( j _ y i ) NiSt&^«i£ <Ditmj5m. 

£0. 5 « m«±i-r*C£*fc«£T*HI#JS4je* 
(DpSA 1 x j G a (j _ x n N/A 1 yi Ga 
(1 _ y i) NSft^UHSOfettStt. 

[»#j*6] iwiEe»^«ifi±ic»fiK*n*iii»{a 

la^T & C <h ^itT5l*«4 Xte 5 ISiEW p 9 A 
1 xiGa (1 _ xi) N/A 1 yi Ga ( i_ yi) 

c t ^^gi t-r-sit i ~ 6 wfBin*Mcie®« p ^ a 

1 x , G a (1 _ x n N/A 1 y j G a n _ y 

mXm8] fj§5y i = 0T*-5Ci:^it#m<!:f Slit 

1 ~ 7 omtt^lcEifccD pSAl si Ga 
(1 _ x i, N/A 1 yi Ga Niifi 



!Cj;i9t#^nfcp9A ! xi Ga d-x i) N/A 1 
yi Ga (i- y n N (lSx ,>y y 
y i + i^O) @tS^«ig. 

[W*J3io] a l SAJt. W*>* x iRt//X«y 

i wmmzmuz z. t t? z>m*m 9 mmo p s 

Al xi Ga (1 _ xi) N/Al yi Ga 
(1 _ y j) N (l 2x ,>y y ,. y i + i 
SO) Ste^MSiS. 

1 1 ] 9 1 0 e«o p sjjgte^tfi 
ji$p9m@3>^^ Kp9s«^ffiji± 
ic P mmm & m&. l tz z t & &® t r -a 1 1 1 

[M«ai2] pSAl xi Ga u-xi)N/A 
l yi Ga d- y n N, XttplAl xi Ga 
11 -x 1 ) N/G a (1 . y ,) N«*-T«liB*«l« 
A 1 x | G a <i_ x n NJf <DA 1 g&it*. 
pSSffiKftfr-DT/hS < LfcCiS^att^B^ 

[W#Jg 1 3 ] 9XIJ10 ElS© p ffltt*^« 

ie**?? HJBicfflv»fccit4»ai"r4iiiiRafl:« 

[5gfI(&»SB&tftBJl] 
[0 0 0 1] 

[^cDJg-rs&ffitfU] *^bj«. pl>igl£^«il<i: 

s<b«»¥WWFRtf n mate******** tens 

[0 0 0 2] 

iS*6 3 5~6 5 0 nmO#fi^*f«#l'-tf-l: 

■ tLT. III&g*fc4&¥8#tt^Cj;31?«¥g#l' 

7 -f 7m&l±^(Dl&W* v 7 7 -CDJ&IK£fijffl t fcflSS 
ttcD|6]±£ffi. 7K*lc«tO^«tt{bU. KISttftUfcp 

CD % ¥ ilMfc W- If - CD ±7fr IC if €m It * »C M o T l» 

iJ^T. ii5S^*^lSffitn^pSKWM^tt. ft 
i«i:LT. dCD»S»CDSflK^T*S. 
[0 0 0 3] IllSlg^^^<*tC*^T«. pS^ft 

s grown 7--)\>m pS^«*© 

nr. 7--;HC«t^?§14{t:lfi2:£-^<i:r?.. ^CD^ 
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a^K*?#*CittitU^. AlGaNli. GaNit) 
**ft;x>F'1r+y^ , *»t>fc», pffl5Ftttt©*tttt 
tp4frPff<ttQ7M4fee&ttfc*tfT*<«. Z<Dtztb<& 
t&.ftt£vWlA 1 GaN&£f#*C:<l:fi*tL^. iO AT. 
A 1 GaNJSSrU— tf— $W7«> F if Kffl l>3*§£ 

SftitOA 1 G aNi*fflU5£>$*l*4*«. A1SS 

T+»4f^ ©iSI A 1 *g||J£©A 1 G a NmZf$.&21t 

[0 0 0 4] ^2 5 4 0 7 9 1 ^SStCli. III« 

T. 4 0 0X:U±-Z7--)l-?2>ZHzJ:K)7t7±7? 
-MttfttSiLT^S. #($¥8- 12 5 2 

2 2^#glC«J:*l«\ »AJEKft*l7tt0*ai£Bft«. 

£©KB#T-$>-?T. plS««©*tttttt)&«+#l::tt^t> 
©«*#■=> 4vO>ftl/>. ^KfSMaEt^fl^^te. ?Ff§tt 
2fx»H**>TKfi»;:«2rfts;i£»cJ: 0. ^{b*¥^ 

ttttS&ibOMB****. 
[0 0 0 5) III*SMttt¥*<*lCpffl5Ftttt£n3S5F 

0- 1 0 1 4 9 6<*4i«lCJ:tltf, pS^«I 
Ogttfl:©±l8tt. MglCttS^n* p^^FM^i^#34 

10i8 c m-3^5iGa|il*£ 

^— t&ofcMgtfG atI«7i't^-ff)Mg5:tS 
»r f©M^iLT, pS*** 
ftTSSMgXWB e i|5]BtlCn^^ife)T$)-5S i X 
iZOZ2 : 1 Wit^T K-y-rtttf, pS^HMfc 2 KC'F 

ir7^-©¥S9ii*{4g7!)<!£j£{bT-5<!: £7 

100i7 7X^-^Jgfi£^n-5C:i:lcJ: 



0 l-P©^i7^t^-* 5 i6n5i:LTH?.. t 
j&>Lfc*<e>, p iT«#lT*4M g t n I?$||JT^5 
S i £I3P$F — 7 L Mg©lgi9&#--?M F 
«^^b-r^*i, MO-CVDSTML-felfTlt 
ltOji*nfc7K^lCckOMg*^S^b$nTi5 0. [g 

[0 0 0 6] 4$PB¥ 1 0 - 1 5 4 8 2 9 ^iiHCtt. p 

*. p3!^>MfctM**Rll#F-^-r*C«k»cJ:0pSa 
?FM^I«G a{4SICA0^<^-S^. as 
g r ownT-teteteiafb-e-f. (S»talblC«fStt{b7^ 

Bite. K-^L7r-Jl,Lfci± D fcilH*t 'J 7 

«td£oBBHc«fco pai«ataft*¥»#*Ei<o««i 

[0 0 0 7] pl>A 1 G aN(D&i&trUtRZf>7 7v?m 
<£\Z*i-?Z>&ffii:l,T\Z. <®ffl¥l 1 - 1 9 1 6 3 8^ 
ii^tCA 1 GaN/GaN J§ (C «fc 
KIiTA--l'X«S«^i^$nT*5 0, AlGaNi 
G aNWfBin^— ^tCp^^FM'fe^ H — y-TSCtlCfc 
0. <g}fitn©pS!A 1 G a N/G a Ng;&^Jia<#£*l 

R IC U — tf — 3*^ © * 9 y F « C & S & J* S £ » 
•S C <h^!±S3fe-2) «t LTl^. plAIGaN/GaNg 

^^^{g^^b-r-ssstt. *©<t -5 \zmw sntu 

•5. BP*>. A 1 G a NUK pi H-^U G a NJ1£7 
> H-y<h Ufc«^ICtt. G a NJIttffaKOKfttft & 
n*-v 'J7©»ffi)gte;*:£<&-5. i^jgSlc^^ |J7A« 

d^lC^O, + + iJ7Bi**<*« <*0«i«0*S 

L. AIGaN^7>F-7tLt^lt AlGaN 

■l*h>*;u*i«*»an*8*©iliPK:tt*mfi. P 

gGaNttJttttt*«lcR«*©**'J7 , a«»fcn (A 
IGaNlCtt'O ^>Ct75^. pSGaNIO*tU7 
ttA 1 GaNJ§£ b>*)\snWt\Z£r>Tmtl> $S££L 
TA 1 G a N/G a Ni^f pl^it. 
Ld»L&a*S. pSAIGaN/GaNgSfll as 
grownttt, **CJ:*pfi3F»fi«05Fett{bK 
J:0Ri6tft£fcD. (Sffi^blCttTn-^XSSr^^i: 

r*. T^-juxg^jircBfja!©^^^. se^T-©^ 




( 4 ) 



[0 0 0 8] ffiffipgJA 1 G aN/G aNffiftfii? 

^¥1 1 - 1 9 1 6 3 8^iifSlC^^$nT^-2>. C 

«1±(C. {&.MG aNA 7 7 7-!2, Jf5ficD7>F- 
7"G aNA7 7 7-B3. S i 0 2 -7X? 2 0' lC<fc5 
ii&j£fi7> K-7*G aNI 2 0, n-GaN3>?? 
hi 4. n- I n 0 . ,Ga 0 , 9 N? 5 ^Efrltfl 2 
1 . n-Al 0 2 Ga 0 . 8 N/Ga Niftfn £ 7 
yHI2 2, 7>K-7A1 0 . 05 Ga 0 . 95 Nn 
fl"J#-f KB 2 3 . 7>H-7 r l n o. 0 , G a 0 . 99 
NfS1416. pSAl 0 . 2 Ga 0 . jNp+t^i 
2 4. 7>K-7A 1 o. oi Ga O. ggNpfflW-r 
KI2 5. pSAI 0 . 2 Ga o. 8 N / GaN S s:f 
n^77H12 6, p^G a Nn 9 hJl 2 7*^11^ 
*SJl£ft> X-y^>^lCfc 9. AK7-f7'i4/im© l J 
y J« 3**1, nlfl30. pll®3 1. S 
i 0 2 t&miS 3 2SZ/plin7 H3 3*5M$nt^ 
-5. CO^^-li, ^H*5UiTBS{ESSSSS2. OkA 
/cm 2. eaffi«)E4. OV, fgigffifi 3 6 8 n m©g 

«fgJia*«tig3*u i o o oratl±ro#^T$5ct 

[0 0 0 9] U^L^*<e>. iSBfi^ *J8^fcifiS8fl> 
*MH*:U — *f-a?^tc«fcn«. AlGaN/GaNiS 
^Sitrofiffitit^taigfe^^a-S^. pSfmUfcA 1 G a 
N/G a N8*f «B*iBl:»*t*l:liS6r. pM 
GaN3>^^H±i:«bTM5. piGaNIS 

>^i7 hSJc^iS^n. If— AJBtt£Jgft;2-t!-£ £ 

oTt^-5/c«6. £ 7 y FSICffll^Tt^A 1 G a N 
/G a Nigt&^JSigT'li. 7--;U;J; OllSWS^tt 

MIC fyW7»iI«M«:*<, 7^-;H:J:5ir«l 

T»tt^^^B^TOS14<b7X-JUtt. plG 

aN©*ffi^?-fk*ii;. a±icjBfiK^nfcp^mso{s 

[0 0 10] 

fcH, as g r ownTffiffifctft. pUSflmSiii: 
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A 1 GaN/A 1 G a Njgte^fiSiftXI* P S A 1 GaN 
/GaNiWil, R^ne.?:i3XhT#Sr5 

7?r£©ii«£ew<!:-r*. Htc. u 7©Hi;a 

*^iSStriWpSA 1 GaN/A 1 GaNX«piA 1 
G a N/G a Ni^iil©Sft2:l6!)it4. HK. 

[ooii] ±f5SlS«. l ) -13) co&W m 
T. 1-13 L^j) lC«fcoT8?ife£n-5. 

1) -IKSA 1 xi Ga (1 . xi) N (l^x j> 
0) <hAl yi Ga (i _ y o N (l>y^O) 

(i-l-n) ■C*Sn41II«iafl:* i l i i»#JBSn|g 

ma u xjgfiK £ ntzm^ mm. wpu < <t *> — k 

pS**6«lS: K-7"LfcA 1 x j G a (1 _ x N/ 
A 1 y •, G a (i_yn N«»^«jfiOf^«KWL. 

x.Ga (1 _ x i> N/A 1 yi Ga (1 _ y ,> N 

ratti 1) te««P^A l xi Ga ( i- xi )N 

/Ai yl Ga u _y 0 Nm&=?m&e>ftmj;m. 

3) itf|§E*^<bgSii£#OgiiSIim<7> ; EX7T<I& 
2>Z\ 2> 2) IBf<DplAl xi Ga 

(1 _ x n N/A 1 yi Ga {1 _ y „ Nfiftfl 

4) -KiCA 1 x j Ga ( i_ x n N (l^x j> 
0) tAlyiGa (i_ y i) N (l>y^0) 

(i = i - n) T'mztiziimmitvo^m&mzn® 

a^tt<»* K-7L&A 1 x i G a a _ xi) N/A 
l yi Ga d-yi) NSfe^«jB±IC>^£< <htb 1 

Sir*c£K:«fcOffiEiH»^«iB*pfflftT*ci*:» 

SitSpiA 1 x i G a d_ x n N/A 1 y j G 

a (1 _ yi) Nja*^«j6<Off«*j*. 

5) mjBIIItt£ffctt¥W*«H*fl5©»S£0. 5 
MmKI±<frsc<i:€**e4<l:-r-5 4) IBiS CD p §k A 1 
xiGa (1 _x i) N/A 1 y i G a (1 _ y ,, N 

C«h^#gti:r5 4) X»4 5) ffiSfccOp^A l si Ga 
(1 _ xi) N/Al yi Ga n _ yi) Nfi*^« 
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7) pIPF&%£ K — :/LfcJgK. Kp^^M^il^ 

~6) cof5jn^(Cl5KOp^A 1 x J G a 
(l-xi) N ^ A 1 y i Ga d-y n NHttiPfll 

8) WlEy ; = 0X'$>2>ZiiZftmi:TZ> 1) ~7) 
©fima»K:«E«0>pSA 1 x j G a (1 _ x n N/A 

1 y j G a ( , _ y , , NiH*? *jfiOf^«^j* . 

9) 1) ~8) COMn75MCie«W^K^ffilC«fcO : i#^ 
ntpSA I x , G a (1 _ x j, N/A 1 y , G a 

d-yi) N (1 j>y y j. y i + i 

10) A 1 fiAtt. BP*, x , fttf/Xtty ,*«JB* 
iC^JS-SCltSriltat-r-S 9) K«©p3SAl xi Ga 
d-xi) N/A 1 y iGa u _ yl) N (I2x 
,>y y ,. y i + 1 ^o) jgt&^tflii. 

11) 9) Xttl 0) l5«CDpSfi»^«jg*pSffi 
g3>^^ HCffl^. Rpg]81M t «iB.±K:iI.»pS! 

12) pIA I s j G a (i-x n N/A 1 y | G 
a (1 _ y n N. XtepliA 1 x | G a {J _ X 
N/G a ( ,_ y ,) N®*S^«ia^«fi£-r*. A 1 

x , G a ( i_ x n Nf(0A 1 jgStfcS:. p^ffiStC 

raja^T/hS < Ltzc tz&mt-rz 1 1) fe»t©m 

13) 9) xtiio) mm.npmmfeTm&zzyy 

HJBCfflV>fcCift»«fr-BIII*aft:«S¥W#*3t 

[0 0 12] £i.T. ±E*«WIC"3^T»K«ft*f 
-5. *^BJ 1 T-MnplA 1 x , G a {1 _ x n 
N/A 1 y j G a (1 _y n NitSflia, A 1 
xiGa (i-xi) NtA 1 y jGa (1 _ yl) N 
Tf.$n5A 1 mikitCOmUZA 1 G a NS*<5!5I- i 
= lim=nStlS>:iISnfct)«)T*5. Al 
x i G a (1 _ x j) Nte. PSt5A 1 y , G a 

(,_ y j, NcfcO fc^lCSA 1 £A1£ (x i>y 

Vi. y l + 1 )T*4. S^«jg*«^-T 
3A 1 x j G a ,,. xi) NgtAl yi Ga 

d-y i) NIOA 1 filUfctt-fiTft<T'bJ:<. 
7-f HA*> h^fy^iA I s jGa ( j_ x n N. 
tD-;t>H*t?^&Al yl Ga ( ,_ y o NO 

— *x«^ossit*e.fticsiHbTt>«i:^ emu, 

Al xi Ga (1 . si) NttiS1-|.Al yl Ga 
d_y i, N«fcDfc^lC7-f K/OK^tv^ (x i 
>y i . 1 . y,, y, + i) T'&&) . pH^fcfi^ 
«. Al xi Ga (1 . sl) NtAI,|Ga 
d-y i) NC75-^(C h'-7'LTfc. P^ICF-^L 



[0013] i§flj««aicttftj**iML , a»6fta - r*fc 

* J® 4: 3 * X tt T tt # X A>£ /<f -5 il £ f? H * * » + 

[0014] #i£0j i ic j;nti . &mmm&-sts%mf«. 
nr. ^fiis^wfisfii7 > «£p^t&^«iig' : f©ei4?ips 

^my><D*mtiiit\Z±tti.^frt>. as grown"? 
©IE £*tffllftiij 3*1-5. #559? 1 Tf#€>n* pl!)B»^ffl 
T. ¥^#5ii^©#!ft<t LT^/fiT**. Ml:. 7 = 

fcsto. mte?mmz®i$.-?z>mffi?)A .*&*£©;&£«• 
[0015] *f£Bn2<D}$8ifzmf5.zmtiL-r2>'>tz<£ 
m^mmn<D^mt^.cojzo izmmzn*. bp*., so 

fcffilEUfcD. SSS3EiB©K3lM&J«©* 1 J —->>fts.Z 
©ili^Sr-r-S. ^STfflHST^rTH ®MS 

att©pffl]H*^«iJ6*»»e>*i*©riiF* l^. 

[0 0 16] **W4 0iB*^«ifiR^KJH* : f-«iB± 
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«. 7>F-7"J1. p^^MttX«n^^*6tt5rF-^ 
LfcJB. pfi*tttt£n8!**M&*BIP3F--7LfcB© 
H nic «fc K) m j£ b T «fc H . 

[0 0 17) *%HJ5T«. IWIEIII8i«ft:tt¥»*Mi 
iiKOl^iO. 5 ym«itt5. ^^l^fflm^lC 
*W***©l£«tt. III«ia{k«l«*"TttS83 0. 5/i 

****«;«■*- actaa**. for, a*^**©* 

jffl»^ * JB t f# * C t *« T * * . 
[0 0 18] *»M6Ttt. IIIKSffc«¥**M*JB*l 

[0 0 1 9] *^BJ7T«. #3891 1 <hH«»C. pIT 
*s£»£A ] «*Jt©»fc*3ES«C«JB*nfcA 1 G a N 
■ ^FX»4W*tcH-rt. MICKpStfFttlJsSF- 
^LfcAlGaNil:, 4>fc < £ 1 liQ n IT«» 
SrH^H— T'T-S. L*»U A 1 gSth*W«t2»P^ro 

^<oa»C F-yUTfeP^iOStC h'-7lt 

fb®l*TnSJ^S5E®ltUTlg-6^e>S i . C. O. G 
e. S, Se, Te§roffift£f§t. #^7 
K«fcfttf, l ~ 6T#£n-5i§i.5Mifrigt&^$ig 

CHCHW F-7"£fT ?«T, SttftLfcpM***^© 
@f§g£±&f ^CtA«p7^t7it»< as g r o w n T 
'J7jgg#f#Sn3. 
[0 0 2 0] *?gBfl 8 T'»4. A 1 x j G a ( j _ x , , 
NTS^tlSAIGaNltAlyiGa (i- y n 
N (Vi = 0) HI^GaNJitinESESCaiJiLT^ 
3. pIT$»li A 1 GaNltGaNi<Of5jni:K 
-7LTfcJ;U. A 1 Sr-atrJfOEKfi^lCte. A 111*4 

t?>t-7x«A i m.n tu g mn <dk& 

AigCOK, MO^ftiSCl/Il^tf. GaNfiJg 
KJt«)|6]±a«JAB£fc*. JItfWfiScSlftffiTtefifc 



[0 0 2 1] *£93 9 (4. *^B^ i ~ 8 <DH?m*&-?'® 
e.n?> A 1 SUltrtWiSA l xi Ga ( i- X i) N 
tAl y ,Ga u-yi) NTi^niA IGaNl 
*«3<!StC n ^7 mmznT^ -5 pHigte^«*jtT*£. 
*%Bjioi4. *%W9<DpMm&?ffi&lZti^T, 7 
-Y K/OF*ty^A 1 x s Ga (1 _ x ,, Ntt 
P-A>K=Pt7^M l yi Ga <i-y o NW- 

(IL, A 1 x , G a (J _ X ,, Nt4. K&T 
5Al yi Ga (i-yo N«fc0t)«»C7< FA>F 

(x s>y p T£>£] . il Hit collate. 1 

Jt«^P$rfToT ; b«k^. p 3)^^(4, Al xi Ga 
(1 -xi) N <k A 1 y j G a (1 _ yi) N<0-^l: 
H — ^LTfcP^lc F-:7XT*>«fc< . ilStbW^iSt 

T^in^TlsEftOI^Bt K-7Tfc4^. 
[0 0 2 2] A 1 <£> ill HJ±£: 15 Iff ^ 'J y h <t L 

(1) mffimftiezftzz- £&*imiifj.z>. 

(2) A 1 WjgHltfcTtfTG a N iCifittttS d <h(C«fc 

(3) A>H^t77$tx?>Ci:l:J:0*tU7ffli 

©jgffl^BJflEt&S «IU jSflHeHtt*5vK«K:« 
£n-5*>©-Cl4fc^) . *5IB^ 9X14 1 oictntf. p 
I Jf £ SttffcT -5 * © iSS ffl T © 7 =. — )V £ &g t L 
^fc*, p^*-gJ6fe®IS^?ai«ji©SP 0 1IC*if£:7J© 

&£.n,m<. &no&tff-ti.m&T®m*m ens. 

[0 0 2 3] *^b^i Hi, *^B^9Xf4l OWpSiS 
l»Tfc«t^. B5IBpli«@3 h^(4. RKS^cOg 

s. WEpaia» ; f«i3SS±ica[*pS!!«a* , »ric 

9XJ41 0©^«^«iilC*J^-5pSJmffi=i>^i 7 
14, <gJ6ta* i ^>7^->'KC«i;SS®©^'fkA^ c t^fci6. 
(SffitapHmS©^fi£7!)SS^T*0. HtC7--JHC=fc 
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pjtettWJBtto* n 1 1 lasted******* s n 

[0 0 2 4] *3BW 1 2 tt, i i P32i@ 

hVOF** y^ttA l xi Ga NttD 
-/OH** y^ttA 1 y | G a (1 _ y ,, N<7)-^ 
XttW^OA l aatk*» MBpBMi:fl*oT/ha 
<tt*<k5»caHLfct>©T** HSU Al xi Ga 

(1 _ xi) NH BUTT* A 1 yi Ga (1 _ yi) 
N«t0fe«i:7< H/OH*fy^ (x ,>y ,) T* 

[0 0 2 5] 1 3 WU 9Xttl 0 O p MS 

Ift^T, 7<HA>H=t : t7^Al xi Ga 
(l-x i) N£:hn— /O H* -V 1 y i G a 

(l-y i) Ntf>— #SfcttP5#<&A 1 fiflJt*. —ft 

Al xi Ga (1 _ xi) NH RMKTSAl yi Ga 
d-y i) NefcO fc^cy-f FA>H*t7^ (Xj 
>y,) . pSA 1 GaN/A 1 GaNXttp 

SA 1 GaN/GaNfi»f«i*^7 7 KBICffll^ 

e>^M7*D77-f^t)^t)^fi^ni>i, p 

ft*. mEpfflffl*^«iBtt. FJB<fcLT«*6L 
tcs mEpStt»^*jfi**5v H»£LT 

[0 0 2 6] 



[0027] mmm i 

l^77-f7ifil 0 1 *s^«§g^^)it-try^-ii 

BftU S»rt£*a2#»Lfc«. tK^^BS^^T^- 

v;ui7U-->^Lfc, *^T»tEa«s o or, Ga 

giLTTMG (hU^fMU^A) , NUtLT7 
>^~7, tt'JT^tLTNjtHgtftlSL, G 
aNfilA777-l 0 2^Mlfc. GalOMt 
ffjtUTl 0 8 OCICftaLfctt. GaiiLTTM 
G. AliEibTTMA (h'J^f^7;i/^r:^A) , 
pffl^ttftOMgffiliLTE t C p 2 Mg^i/-^>X 

U Al 0 . 25 Ga 0 . 75 N@ (KJP 
5nm) <hAl 0 05 Ga 0 95 N@ (BtiP 5 n 
m) £5 0«J(B<fc0ft*A 1 0 . 25 Ga 0i 75 N/ 
A 1 o 05 Ga 0( 95 Nj@te^*gig 1 0 3£j£fi£ 
Mg H-lO^ttA 1 o. 05 Ga 0. 9 5 N ^ 

gjfi£-f9itU #tC**U7;ffX^5^H 2 (7)«*S£# 

itu Nmx'&zyy^-T u 7#;*t&<2>n 2 

tD£B**TSaST#5WLTW9ffibifc. »&ftfc« 
ft^SrWftLfct::** *tU7*S3&n 0i8cm 
-3^gA5pSA 1 o. 2 5 G a o. 75NI/A 1 
0. osGao. 95 Nj@»^«jgT*£££a<«lS£ 

ot, j£< pSA 1 G a N/A 1 G a Nflttffllll:*: 

<. «Atf7>* — 7 1 0 OXO^HaTfci:^. JE 
IC, jSte^«li££*3l/£-r£ A 1 G aNH — &j£A 1 x 
Ga (i_ x) N (O^x^l) T«£ft£**£HCj£< 

[0 0 2 8] HSS««J2 
S. cfc<8fc#Lfc+>-:7 7-f 7SS2 0 1 4R«SggrtO 

icaftu «srt**2S»»bita, 

OOt, GaltlTTMG, N»t LT7 >^-7, 
*tU7^tLTN 2 iH 2 S«*L 1 GaNH/1 
777-2 0 2OTIL Ga«0«IS*(f±LTl 
0 7 0*CU:#aL,fc8L G a jK£ LTTM G , A I mt 
LTTMA, piTttft^MgfitLTE t C p 2 Mg 
ft->-$r>*K:»-3*«»U A l o. 25 G a 
o. 75 N« «S5nm) tGaNI (If 5nm) 
&5 0fl«8«t0&«iA I 0. 25 Ga o. 7sN/Ga 
N3H» : f«ifi2 0 3 €rfifc*Sitfc. MgH-tf/^G 
a NBlCtr-pfc. A l StMg»^)«*SS:fP±b, Al 




( 8 ) 



o. 25 Ga 0. 75N/G aNjg&^ffiiI2 0 3©± 
\Z. non-GaNl (IIItt&fcfettJRflljft) 2 04 

a*T?»aiUT»DiaLfc. sims <-fc*>^u— ' r 

t>7-f^PX^^hD73-7 r ) lei O^-tff LfetC 
5. n on-G aN§2 0 4 ©TSBK&Bf* A 1 
0. 25 Ga o. 75N/G aNiS*&^l8iI2 0 3CD* 
St^WStt. jB*frf«ifi/non-GaNBBB*»S« 
<— ^T. n o n-G aN§2 0 4 SrXy^V:? LTiH 

pSAI 0i 25 G a 0 . 75 N/GaNi»flljST 

BisW-WTfeoT, )£<pIAlGaN/AlGa 

fc. *B»M0«fc3fcBB«*C*B«ifi£LT l bJ: 
<. MIC. pS^tt*"b**MS«fim©«l«i:-r«Ct 

[0 0 2 9] ££01 2 - 1 
*J60J 2 LT, G a NJBfCM g Sffl^pi K — 

^LfcA 1 0. 2 5 G a o. 75 N/G a NjStt?*tifi 
±ICllIBB<fc4M»B«ifi*:l«BU IIII£Bfb«3«B8 

iMS I MStC^OtttfrLTctCl^. IIlBBftHrift 
Ji#$i£<Z>/l;*rt<0. 5 //m^SA-S^^fCfi. Al 
0. 2sGa 0 . 75 N/GaNSte^$Sjg*ro7k5£i8 
gte. UI&g<bt!fflJf*8££co#®^S,t5t£-£cc><g; 

L,7c<t:C3» 1 0 i8cm-35iA5p!A 1 

0. 25 Ga o. jsN/GaNfflftfWCftftCt 

£< P IAl xi Ga „. xi) N/ 
A 1 y ,Ga (I _ y ,, NfiB^BB (lfcx ,>y - 

y,, y . + 1 ^o) \zmm-sim-c&o. 

SMtSA 1 G a NIfc-SSA i xi Ga 
,,_„!) N (l^x |^0) (i = l-n) 

K-tr>^sn7cJf T&oTfcj;^. a*-?icK-^a 

n-5 p ST*5^t)**JB^J«nw^«Jft«Jfi£& £ 5 d t 
[0 0 3 0] 

■5. J;<i!t#L-itit7r'f 7l«3 0 1 *Ki6eBrt© 

00t. GaliLTTMG. Njlgi: LT7 >t-7, 
*t'J7^XtLTN 2l !:H 2 i£«l§L. GaNteiaA' 
777-3 0 2 fcfcttLfc. G a»»«««rffltUTl 
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0 8 OtKJHfiUfcffc, G ailgt LTTMG, A I It 
LTTMA, pi^tttlWMgagiLTE tCp 2 Mg 
£. n^^M^lt UTS i H 4 <&->-y>XICSt?#« 

A 1 0 . 25 G a 0 75 NI (I@5nm) t 
Al 0 . 05 Ga 0i 95 Ni (.mm 5 nm) §50^ 
B<fcDfc*A 1 o 25 Ga 0 . 75N/A 1 0 . 0 5 
Ga 0 9 5 NSfe?*SiS3 0 3*fi£g$-ttfe. Mgi 
S i W|B|P#H-7«A 1 o. 25G a 0 . 7S NJlKff 
■otz. ®tS^fiJcS«. Act*. GaiS. A 1 88, MgiES. 
tfS i B£#lhU ^lC + ^'J7^^WH 2 iN 2 0« 
*&£#±U NiET*-57> : &-7 1 0 0 %<D&m%* 

-cBa*T»»ii<TBDWLfc. fc&nfciHfc^fcWB 

PSAI 0 . 2sGa 0 . 75 NI/AI 0 . 05 Ga 

iAIGaN/AlGa NSte^flJiSlCJSfflnJBT?* 

IC. A IGaNil -A£5£A 1 x 

Ga (i_ x) N (O^x^l) -C&2tlZttn\ZJt.< 

[0031] mn&m 4 

7-f7lfi4 0 1±C. G aN/b7 7- 14 0 2 
g£-fc»\ 7>H-7 r A 1 0. 2sGa 0 75 N1 (B 
f 5 nm) tSi F-^G a NI (BUS 5 n m) 5 0 
^<t0/<£5nlA 1 GaN/GaNi18f nl^77 F 
14 0 3. n-GaNMKi4 04, 1 n 0 . 15 G 
a 0 85 N/In 0 . osGa 0 . 95 N2^MS«fcO 
JiSDQW (rli?»f») «jg©l§ttJi4 0 5. pS* 
GaN^Fl4 0 6, 7>H-7*A1 0 . 25 Ga 
o. 75 Ni (||5nm) tMg K — ^G aNl (B 
f 5nm) 5 0W«tO!i5paAlGaN/GaNS 
«fpl>7'; h*B^n>^i7 hl4 0 7, 7>K-7" 
GaNI C&\ZX.y?->#2tl2>rzi£>mMlZ\t7jk2nT 
HftCO Sr>IICEEH-r-5C:<i:lC«}: 0 p SIB £&1±fb l, 
fc. fejjltt. 7>*:X7Rtfg9i?0}S£5?B^T 
ffofc. K5-rX7^>^IC«fc0Sffiro7>H-7 r G a 

fro 7c. S i 0 2 *6i^B4 0 8 £p£BL-m®a$£IISS □ L- 

pifii/?;M 10s, isms io 2 

4 0 8©HdfflK:BBLfc. nSflffl^^4 
0 911 K7-fX 7 f>yi:J;0ife : fnSi'77Fi 

4 0 3*«tBs*. mmm^ms i o 2 4 o sro^agp 

A 1 0 2sGa 0 7 5 N/p^GaNOStS^5:^ 
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G aN«**flcUTjB*^*JB«:paaftLfc±-eG aN 
*^*«5SJdtLfc. tf-*^tt» Ga 

[0 0 3 2] 5 
H5*#BBL^O % #5891 1 2»C«^>, #3£ej l OOjg 

77-<71S5 0 1±C, GaNAy77-15 0 2S 

7>K-^A1 0 . 25 Ga 0 . ys^l 
(JK/PSnm) £S i H-^GaNI (If5nm) 5 
0HM<t045niA 1 GaN/Ga Nmte^nM? 7 
0 n-GaN^H15 0 4> In 

0. 15 Ga 0. 85 N/I n 0. 05 Ga 0. 9 5 N 

2H«IJ:0a:*DQW«aolStti 5 0 5, PiGaN 
^H1 5 0 6> 7> H-^A 1 o. 2 5 Ga o. 75 
NI (lH5nm) iMgH-^GaNB (KIP 5 n 

m) 4 smm&zfiTy H-^ii©A 1 SBJta**{b 

U A 1 0. 25 Ga o. 75 N/GaN*6GaN/ 
G a NST»R«»ca-fbT* 5H»!«:'&to-&T&«-5 0 
ra»8ct0^^> pSA 1 G a N/GaNitSf pS^77 
HH 5 0 7 <Oli(Cfi£K». T^XJt^f^I^i 
«Tft»L pSBSrfSttfbLfc. Jfc^T. U7vMO 
fctf>0> X«y^>^€:fT^, S iO 2 $6S15 0 8 

0*t»*9fflS i o 2 5 0 8©Ha»i:*J«Lfc. * 
nSiffffl/^^5 0 9H H7^f X7^>^l:J: 

S i o 2 5 0 8 <nmom\ZMi&\s1t. #*IMCrH;, p 
1^777 Ki^»MT^)A 1 GaNI^M<!:Ut> S 
ttJMJoarit*«A l 0 . 2sGa 0 . 75 N/ P^ Ga 
NOfite^JBJfltL. pS«i«OAlGaNO)flfilc6 
A 1 o 2 5 G a 0. 7 5 N*6GaN*TRHa«lcR 

«»«[3ftoK««Ht©III»»b4fc*W#U- 
G a NIJ: 0 3 >^ ^ MS:)? fcft^fc*, K 
tfitSk<* SE*OG a Nu>^d7 hJiSrJfOU-lf-*^ 
£0 

[0 0 3 3 ] ^SS#I6 
H6*#SaLOO % *SSBj§ 1 3ICi^^), #IE9! 1 OOjg 



1S60 1±IC, GaNA'77 7-S6 0 2 ^^fi$t, 
7>K-^A 1 0. 2 5 Ga o. 7 5 N ^ (JKiPSn 
m) tSi K-^A 1 0. is Ga o. 85 N ^ ( ^ 
5nm) 50BWi0WnSAlGaN/AlGaN 

i«fni^77 HS 6 0 3, n-A 1 0. os Ga 
0. 95 N^HS6 0 4, GaN/A 1 0 . 03 Ga 
9 7 N 2 J: 0 34* D Q W««OiSttI 6 0 5, 

piA 1 0. 0 5 G a 0. gsN^^ 6 0 6 ^ 7> 

F-^A 1 0. 2 5 G a 0. 7 5 N ^ 5 nm) <h 

Mg H-^A 1 0. 1 5 G a 0. ssN/i d)P5n 
m) 4 5^#3Rtf A 1 0 . 25 Ga o. ?5 N /P SA 

1 0. lS Ga 0. 85 N *^ A 1 0. 15 Ga 

0. 8 5 N /GaN^Tii^M^TO«i:^W 
Smm*Gt>-GT&itS 0«H«kO&* PISA IGaN 
/A 1 G a NaSfpB??^ HI6 0 7a)WlCJ*« 

7> : &~7 1 0 0 %O^H^T?£2J]LTp§!Jf £?£ 
ttfbLfc. *^T, U^^^ft^H^^ly^ 
i^tfr^ S i 0 2 *ft»H6 0 8 *J5S;JRL«aBB*BBP 
piiSffl^^^6 10^, lift*$fflSiO 

2 6 0 8<Dffinmztef&lsfz. &fz. nStM^^^ 
6 0 9H H7-fX7f>^lCJ:0a»?na^7yK 
§6 0 3 £@tiB2-£> «8E«^Pffl S iO 2 6 0 8^)|P 

mzje&Liz. *nmmT\z. pi^77HB^t 

^AlGaNI^ilT, iSttB«<&»J5fca*A 1 

0. 25 Ga 0. 75 N /P^ A1 0. 15 Ga 

(IIJCDA 1 G a NOIS^A 1 0 . 25 Ga 0. 75 N/ 

P^A 1 o. l5 Ga 0. 85 N?5 ^ A1 0. !5 Ga 

0. 8B N/GaNKTPt«:«KUIEfl:S*«^4:Ki:0 

^<oHi;ii^**»^"r^^«t<fi;«tfi[Apa!«a«: 

~7 P lf:A 1 G a NJIT, i§5A 1 SllJt IC ^ftjfc) £ 

»ttftK)&«»6ftfc. -toe*. a**tt3ft«A»ac. <& 
«tt*^K««tt©in«afb**»*^-if--»3t* 

T-j&^gJflcLfc. COfEftfft^te, «3 7 0 nmWifiT' 
^TtUfco COMXfli, GaNHiOftaa 

hmznffzte^rztb. FJIEWHCi^y F» 

[0 0 3 4] 

[%b^om] #3691 1 icj:ntf, fie*SEffiosit{b7 

BttiOttattttpfflA 1 G a N/A 1 G a NRtf A 1 
GaN/Ga N«»?HH*«#6tlS t*C» W&Tm 

j6*Bii«attftpsa«a3W»B)cPiiBta*. * 

«*3W«<, (637 KtJRWWen*. #58914-5 
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*sffl7titiB, *attfttt»T«aic45^Tn 

±tf*£ £a*pJ£E<bfcr)> as grownt^t'J 

[ 0 0 3 5] *^0^9(CcJ:n«, KO7-HH:i:0 
pfflftLfcjBfc^ttiBlcJtttU HART, £0fg;J£in 

Z&m^ftr?? yy KBS^eoSfflj&^ffi&pfflfift'P 

m 1] USE^J 1 ^)piA 1 G a N/A 1 GaNiftf 

[B2] ^J£#J 2(^)piAIGaN/Ga NSte^tSii 
HI. 

[EI 3] HJ£#J3£>pg!A 1 G a N/A 1 GaNiftf 

[gi 5] mmms(D^m»^mi&^Tsi. 
me] *M«i6 0ipw#*-?«jat«-ria. 

[0 7] U-it-*^^ittB»^rfi]^Wrffi 

1 0 1 It 7 7<7iS 

10 2 G a NfflA'777-I 

1 0 3 vMA 1 G a N/A 1 G a NjBte^Wit 

2 0 1 It 7 7<71S 

2 0 2 G a NttlAy7 7-i 

2 0 3 p§iA 1 GaN/G a Nj£gte^#fii 
204 non-GaNB ( 1 1 IftSfcttriXJittifi) 

3 0 1 It 7 7<71S 

3 0 2 G a NM/V;7 7-i 

3 0 3 plA 1 G a N/A 1 G a NiSte^Wifi (M 

g, s i mm k->o 

4 0 1 It 7 7-f 7Sffi 

4 0 2 G a NA777-1 

403 niAIGa Ni/A 1 G a Njtgt&-T*Si£ n 



yy HB 

4 0 4 n -G aN^ KB 

40 5 DQWgtti 

4 0 6 pSGaN^HB 

407 pSAlGaN/AlG aNiCTilpI^ 
5-; KB 

4 0 8 Si 0 2 #6»B 
4 0 9 nltg^^il/ 

4 i o pii@^^;i/ 

5 0 1 -tt^T-f 7SS 

5 0 2 G aN/V>77-i 

5 0 3 nSAlGa N/A 1 G a Nffite^tfSii n g!£ 
5y KB 

5 0 4 n — A 1 G aN^ KB 

505 DQwm&m 

5 0 6 pSA 1 G aNS'f KB 

5 0 7 pSAl GaN/A 1 GaNift^giipi^ 
77 H B 

508 si o 2 i&mm 

5 0 9 nltS^^Jl/ 

5 1 0 pifg^^Jl' 

6 0 1 it7T<7S1S 

6 0 2 GaN/t777-i 

6 0 3 nSAlGa N/A 1 G a NS»^«it n S!^ 

7?KB(Mg, SiHPSK — 

6 0 4 n - A 1 G a N#-f HB 

60 5 DQW^tti 

6 0 6 pSJA 1 G a N#-f HB 

6 0 7 pSA 1 G a N/A 1 G a Nj@te^*8i£ pi^ 
77 KB (Mg, Si BBH-y) 
6 0 8 Si 0 2 *6i^B 
609 nlfg/^^ 

6 i o vmrnfe**^ 

1 1t7T<TSS 

2 MG a NAy 77— B 

3 iSiS^7>F-yG aNA'777-i 

4 n -G a N3 HB 

6 7>H-yin 0 . 01 Ga 0> 99 N«14B 
2 0 a«flcfi7>K-7 r GaNi 

21 n — I n o j G a 0 9 N^77^MI 

22 n-Al 0 . 2 Ga o. 8 N / GaN ®^^ n ^ 
77 HB 

2 3 7>H-7 r A 1 o. 05 Ga 0> 95 NnffiW^ 
HB 

2 4 PSA1 0 . 2 Ga 0 . 8 Np*t7/l 

25 7>H-7 r Al 0 . 0 iGa 0i 99 N pMtf-f 
HB 

26 PSAl o. 2 Ga 0 8 N/Ga Ngftfn $ 
77 KB 

2 7 pIG aND>^^7 hi 
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3 0 nlti 
3 1 plfi 
3 2 S i O 2 « 



3 3 pM/V^H 

2 0' Si 0 2 Jl^J5£S^Xi7 



[HI] 



103 
102 
101 



t~tz: 



l^%25 Ga 0.75 N 



AI 0.05 Ga 0.95 N — *1 



M2] 



204 
203 
202 
201 



GaN 



A, 0.25 Ga 0.75 N 



r 



[S3] 



303 
302 
301 



A'O.OS 63 0.95 M 



jS~~ AI 0.25 Ga 0.75 N 



[14] 




p-GaN 



InGaN 




n-GaN 



"o.25 Ga 0.7^ 
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p-GaN 



InGaN 



n-GaN 




^ A, 0.25 Ga 0.75 N 



n-GaN 



me) 




p-GaN 



p-AI 0 -.Ga ( 



15 0.85 



GaN • 



^0.15^0.65 M " 



^0.25 Ga 0.75 N 
"^0.05^ 0.95 N 
0.03 63 0.97* 
^0.05^ 0.95 N 



IH7] 




(72)^0J# JELOJ IE- F*-A(#%) 5F041 AA21 CA05 CA34 CA40 CA49 

KSCtB^fflK^JBii 1 TS 3#6^ ttSC CA57 CA65 CA73 CA77 

#*±U 3—1*9 5F045 AA04 AB17 AC08 AC 1 2 AC15 

AC19 CA12 DA54 EE13 EE18 

5F073 AA11 AA13 AA45 AA71 AA74 

CA07 CB05 CB07 CB19 DA05 

DA35 EA23 EA29 



